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FOREWCRD

This report is the third*'in aseries concerned with the Human Factors
implications of body armor for U. S. Army aircrewmen. The intent of this
series is to assist the denigner of body armor by speacifying design
criteria, human factors evaluation methods and test results. Ths research
descrived in this report evaluates torso protective armor for hslicopter
pilots and torso and seat protective armor for crew chiefs and door
gunners. The cooperation of aviation unit and aireraft commsnders made it
possible for the protective iltems to be used and rgted by alrcerewmen
operating in the combat theater.

*Previous reports are:

Technical Report 67-28-PR: Humen Factors Requirrmeuts for the Denign
of Helicopter Aircrewnen's Semt and Groin
Protective Units, Sep 66, AD 6LO 891.

Technical Report 68-4.PR: Human Factors Evalustion of Body Supported
Aircrewman's Buttocks end C.oten Frotective

Units, Jul 67, AD 658 O3k,
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ABSTRACT

Thixty five U. 3, drav helicopter crev members evaluetea the desiga
fexilures and scceptability of .40 ceilber sxrmer-piercing protactive ermor oo
praoctlice or aztual five-fire aerial mia: lons in South Vietnam. Twenty
pilots used Torso Frout Frotactlve Aruwor, and 15 crew cilefs and door
gmnera usel Tersd Front Protective Ammor, Torso Back Protectivd Armor and
Beat/uroin Protectivn Units. Thay rated the following veriecblea: £it,
comfort, interfarence with movsment, =uitability of cutline and contour,
acceptability of armor wafors and altsr exparience with the latest itsms,
desizabliity o particuisr items c¢n particuler mispions and boldy areas
requiring protection. In genaral, they sveluated the itsms as both
desirable and acceptable aud expresssl a strong desire tn vear body arwer
on a vwide varlaty of fiight miopions. Resnonaws indicated that ths Torso
¥rout Protective Armor requires only minor improvement, but ths Torac Back

Lective Armer requires changes in hoth outline and contour. The Seat/CGroin
Protectlve Unlt requires improvement to help 1% svivel with the user,
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INTRODUCTICHN

Baeggzougd

Helicopter asircraft are being exposed to increasingly higher levels of
ground fire from enemy forces in the Republic of Vietnam (RVN). Their
effectiveness and vulnerability during hover, landing and take-off make .
?nem prime targets for ground fire. o

Hit-and-run tactics of the enemy in RVN thus far have precluded their
use of large numbers of shrapnel-producing anti-aircraft weapons. Their
maneuvering units have relied on direct-fire wespons of .30 ealiber or
less (small arms) as their principal defense against U. S. helicopters,
although .50 caliber weapons are occasionally used defensively and mortars are

often used offensively against helicopters.

The protection afforded helicopter crew members by very efficient
shrapnel-protective armored vests {flak vests) has been reduced because
high-velocity, stable and very dense armor piercing small arms projectiles
penetrate them with ease. To counter this threat, the U. S. Army Natick
Isboratories (NLABS) developed body armor units for aircrewmen of UH-1 series
aireraft which would stop .30 caliber armor-plercing projectiles at 100
meters range. Because prior research had produced both the rigid srmor -
materials with this capability and the necessary design parameters to
provide a large measure of protection with a tolersble degree of restriction,
prototypes were quickly made and sent to RVN for use. Two principal '
problems were encountered: (1) difficulty in fabriceting the armor materials
t0 the desired shape and contour while retaining penetration resistance, and
(2) aifficulty in providing maximum coverage with minimum weight and
performance decrement. The first problem was solved fairly rapidly. The
earliest protective armored components for the crewmen were mosaics of small
flat sections of armor material fastened to an appropriately contoured
backing. " These soon were superseded by mosaics of fewer and larger plates
which were curved to a constant radius. Additional advances permitted
curving the armor meterials to a variable radius in one dimension and form- -
ing the entire armor component in one piece to eliminabte structural weak-
ness at the joints. It has now become possible to form a single piece of armor
to almost any desired contaur in. any dimensn.onn ;

The rapid advances in the technology of armor fabricatlon have resulted
in constant revision of prototype protective armor systems, with shape and
contour more closely approximating that of the human body. Results are
reduced weight, bulk and restriction, with retention of maximum protection.

Iimitations in available human factors capability, the small number 6f
UH-1 helicopters and crews available for personnel armor evaluations and the
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urgent need of prototype armor items for combat all comtined to iesirict . 3
human factors evalustions of prototype protective units, which did not
kaep pace with design improvements mads possible by advances in fabrica-
tion technoiogy.

In 1966, the Army Materiel Command formed an investigating team and
sent it to RVN to determine what srmor was available and being utilized
in the combat zore, and to eetablish further requiroments for ktoth
parsonnel and aircraft armor.* The NIAES representativs (co-suthor E. R. B.),
in addition to his team activities, cooperated with human factors personnel
in planning and conducting a limited evaluation of the newest prototype air-
cravw rrotective armor being used in Vietnam. Plans were made to study
torno, seat and leg armor for crsw chiefs znd dcor gunners and torso armor
for pilots and copilots.

Objectives i

The principal oblectives of the evaluation of the specified aircrew
protection were: to determine the edequacy of each avallable body armor
itoxm vith regard to fit, comfort and lack of restriction to movement and g
t0 determine what changes in dimansion or contour were needed to better 2
accommodate. the avialtor population. Secondary objJectives ware to evaluate
the acceplatility of body armor to flight crewc before and after experience
with the latest items, to determine which items of body armor would be worn
on a particular tyre of mission by men in the different crew positions, and k
_, to discover the best-liked features of each item which should be retalned b4
i in future designs. ¢
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Objective performance data were not collocted because of the time and
facilities whick would have been required to train un olLserver from each E
aviation unit end to have each crew tly its mission twice, once under an q 4
experimental and ¢nce under a control condition. TInsiemd, data were '
collected on each crew member's subjoctive impression of the fit, comfort
and rostriction imposed by each armor item. This required only one flight
by each crew to investigate the {olloving variables: <the nature and
sevarity of any intei frexence with job performence, the locatisn and 3agree
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#3ae deccription of activities and findings in "AMC Armor Team: Report
of visit to Soutk Vietnam - 1b February to b April 1966", Headquarters
U. 8. Army Msteriel Comsand, Washington, . C. 20315, April 1965.
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2 il of any restriction to movement, the adequacy of the item's principle
' dimensions, an estimate of the length of time the item could be used
without performsnce dsciament, speed and ease of donning and doffing,
general comments or suggestiors for improvemant, the best-liked fea-
turss of the item, changss cccurring during the study in aircrew
mebare' attitudes toward the use of protective armor, and their
preferences among protective iteme for use on missions of different
types.

Questionnaires

M s I L

In ordar to implement this approach the following six Aircrew
Body Armor Design Evaluation questionnaires were developed, tried cut
on four Axmy Aviators, revised and condensed to the final form as shown
in the Appendix:

1. Background Information Questionnaire
2. Individual Item Questionnaire
A. Torso Front Armor
B. Torso Back Armor (always worn with Torso Front Armor)
- C. Ieg Protector
D. Seat Protector
3. Final Questionnaire

AMministrotive Procedures

; The sdministration of the evaluaticn in RVN was mede as simple and
3 rapid as possible. All the participating flight crews at a particular
location were briefed 3 a group. Each crewman then completed the
Background Inforration Questionnadre individuslly. Following this, the
experimentar measursd the mermbers of a complete crew, fitted them with
the experimantal protective srmer ftems and accompanied them on a live-
3 fire ssrial mission (practice or sctuil)} to insnre proper use of the

3 tested items and answsr any quentions. Aftor completing their mission,
3 the crew mewbers fililed:out individual {tem questionnaires and the

' Final Questionnairs, and wers debriefed by the osxperimenter.

ALY b T
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The procedures used had a number of advsntages. They permittad 3 )
rapid and sazy ccllection of data from a crew sampie of aflequate aige
and crow members were encoursged to exprass frealy their individusl
compents concerning the protective iteme. Morsover, commmication and
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undarztanding were encouraged by the immediate availability of the sxper-
imenter to suswer questions raised by fleld personnel concerning tre tested
items. Jn addition, as each flight crew participated as a unit, it

retained i1ts operationel capability and a crew performing an evaluation under
simulated mission cenditions could imrediately be divertsd to an orerational
mission if required. Finally, the minimal time zequired for aircrew partici-
pation belped ¢to ingre the vital cooperstion of c¢ommanders and crews.

Crev chiefs and door gunners were to have evaluaied a prototype hinged
T2g provector which was designed to acconmodate varying leg lengths.*

 However, adjustment of the length between subjects was found to require

more time than could be afforded in the field situation so the leg protec-
tor was not evaluated.

¥ This leg Armor (full thigh and lowar leg, articulated) consisted of a
convex shaped unit intended to cover the cuter surface of the thigh, and a
convex shaped unit which covered the outer surface of the lower leg
extending approximataly 3" above tke knze cap to approximately 3" above the
ankle area. The thigh and lower leg unit were mechanically Jjoined together
with a metal hinge unit, so that the thigh and leg unit would pivot with
thigh and leg movement. The armor material consisted of Dual Hardnesa roll
bonded steel, having an sreal density of 12 lbs. per square foot, designed
to provide protection agairst 30 caliber AP projectiles. Extending from
azch side of the lower leg armor were steel foot s rt paddle shaped
units which were attached to the lower isg arwdr by 4 bolis and nuts. In
order to allov some size adjustment % sets of spaced holes were provided

in the upper area of the paddle unit. By proper adjustment, the weigat of
the leg aru~t vould rest on the edges of the paddle and on the floor of the
aircratft relieving weight on the thigh when in a seated position. Nylon
pile and loop straps were attached to the thigh end lower leg unit in order
10 provide adjustment and retain the armocr on the leg. An adjuntable
cushion ankle Jhoe adjustment strap «as provided in the foot support paddle
bracket, dssizned to hold the armor in plece by positionirg it on to the
leather combat boot. A pal: of leg arwor weighed 30 1bs. An experimental
stock number F3N BL70-NTK-6531 was assigned to identify tho item, The item
was nanufactured by Asvonutronic Division of Phileo Corporation, Ford

Motor Company under contract $#DA-10-129-AMC-736N. (See Figure 1).
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Fig. 1. Experimental Aircrew Gunner/Crewchief Full Thigh and Lower
Ieg Armor, Dual Hardness Steel
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Data Analysis. 

A1l responses to questionnaire items were tsbulated separately for the
~ group composed of pilots and copilots \ealled”fpilots") and for the group
composed of crew chiefs and gunners (called "crewmen"). For brevity in
reporting, comments from each group were listed verbaﬁim, then essentially
identical comments were groupe& tcgether and rephrased.

Restrictions to body movement reported bv crevw members were divided
into two categories: major and minor. Tor & pilot, major restriction
was presumed to have occurred if he reported diffieulty in performing any_
movement associated with controlling the aircraft or operating the weapons
system. For a crewman, major restriction was presumed if he reported any
interference with operating his machine-gun or performing any action
important to proper operation of aircraft. Minor restriction was presumed
to have occurred if any crew member reported interference with activities
not critical to the performance of his major duties, such as reaching for
maps or shifting body position for comfort. No’ restrictlon was presumed
‘enly if a crew member reported that his job performance was essentially
unimpaired. ' .

Bescripﬁion-af'Personnel=Evaluating Airerew. Armor

‘ The main sample consisted of 20 helicopter pilots and c0pllots,
jointly referred to as "pilots", and 15 crew chiefs and door gunners,
jointly referred to as “crewmen”. The aircrews studied were believed to -
be representative of typical Army aircraft crews engaged in combat flights
. in South Vietnam. If this assumption is correct, the results based on
‘these samples would be unbissed with respect to' the total popilation of
such aircrews.  Practical considerations in & combat situation limited the
size of the samples. The relatively small size of the sample as compared
with the total population means that any sample:of such size might differ
considerably from other samples similarly selected. However, the results
should be useful first approximatxonsg and. far superior to no information,'
or to biased opinions cf individuals (samples ef 1,, L

. Pilots. The ages an& bo&y dimensions. of the pilots are summarized in
Table I. They renged in rank from Warrant Officer (W-1) to Colonel, and in
length of service from 3 to 27 years. Four were college graduates, 13 had
gome college training, and three had completed high school. They had from
1 to 23 years of flying experience, from 240 to 8,000 flying Hours, had been
in the Vietnam combat zene from 1 %o 16 months anﬂ had been in combat a
total of from one to 60 months. They had flown from 1 1/2 to 100 combat
hours and from 2 to 1000 combst missions. Of the 20, 16 had received battle



stars or the Air Medal (many having received additional clusters for the Air
Medal) end et least a quarter had received the Silver Star, the D. F, C.,
the Soldier's Medal, or the Bronze Star. Seventeen had previously worn either
the "flak vest", the flat "chest protector" or both in combat and one had used
"groin armor".

Table I: Summary statistics for age and body
dimensions of pilots who evaluated the torso
front protective unit. '

Dimension | Range ; Mean . S.D. - _ﬁ;
Age (years) 26-47 3.2 7.1 .20
Weight (pounds) 140-200 175.5 17.4 20
Height (inches) - 65-75 TO.h4 2.7 20
‘Chest Circumference (inches) 36-LL 39.5 2.3 15

Crewmen. The ages and body dimensions of the "crewmen" are summarized in
Table II. In general they were younger, smaller, and less experienced than the
pilots., These men ranged in rank from PFC (E-3) to MSG (E-7) and in length of
service from 8 months to 18 years. One of the créwmen had completed college,
two had some college, eleven had completed high school, and one had some high.
school training. They had from 3 months to 12 years of flying experience, from
11 to OO0 flying hours, had beern in the Vietnam combat zone from 3 to 12 months,
and had been in combat a total of from 3 to 36 months. They had flown from 30 to
300 combat hours and from 25 to 350 conmbat missions. Six members of the group of
15 had received a total of 4 Air Medals and 3 Combat Infantryman's Badges. Of the
15 crewmen, 12 had previously worn armor, either the "flak vest" (11), the "chest
protector” (7), the "groin protector” (1), or a combination of these, while three
had never worn any armor. ' ’ '

Table II: Summary statistics for age and body
dimensions of crew chiefs and gunners who evalu- ..
ated the torso front and back protective units. =

Dimension Range Mean 5.D. N
Age (years) 19-39 26.2 6.3 15
Weight (pounds) . 120-190 © - 160.5 17.6 15
Height (inches) - 6h-72 - 69.5 2.4 15

6 2.3 1k

Chest Circumference (inches) 3240 36.

7



SYUDY 1: ASSESSMENT AF PRE-TEST ATTITUDES TOWARD ATRCREW #RMOR PROTECTION .

Procedure

Prior tu evaluating the protective items during flights, each
{ndividusl in the main sample cuompleted the Background Informetion
Questi~anaire. In doing sc, he ecorded data describing his back-
monod, facluding flight and ccrbat experience and his previous use
of armor. Alsc, he recordad his attitudes towsrd wearing srmor on
coabat flights, tcward the need for protection of varicus body areas,
and toward preseat body armor and its use in combat.

o

Results

)

Acceptabllity of Armor in use Before Test,

Results of itenm 30 of the Dackground Information Questionraire
indicated that the armor which was in wse in Vietnaxn at the beginning
of the etudy did not satiefy its aircrew users. Responees aie showd
in Tabls III. None of the pllots and crew chiefs checkad the most
favorable snewer, "a. It does a good job just as it is." Adthough k1%
checked "b. 1%t is gocd enough some improvements are needed.", the
wadian (most typical) response was "c. It is fair", and about one -
quurtez: checked "d. It is poor", or "e. One would be safer withcut :
armor. ' .

ALt &

2 b MR AL il

Table III: Attitudes toward presently used body armor

30. ¥iat do yeu think of the body armer 3
dhish is presently in use? Pillots Crewvmen Total %
a. It Goez a good job Just es it is. 0 0 0 - ’
b. It is grod 2nougd slthough some # ;
{mpruverents are naeded. 6 83 l(lg ;
c: It iz fair. ;ré 3 1
N d. It iz poor. 24 7 ]
: e. One would bg safer without armor. 1 0 1 :
f. I have no opinion. 1 3 2 b
20 5 35

*[n thic snd subseguent tables, a value of % means that when two different
answare vere ckecked vy an individusl, each wes credited with a value of %, -
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Degirability of Armor on Combat Fiights

The responses to Question 28 of the Background Information Question~
naire, "In general, how do you feel about wearing body armor on combat
f1ights?" indicated a sirong general desire for armor protection. Of 20
pilots and 15 crewmen, 13 pilots and 7 crewmen answered: "=, I like the
protection and always want to wear the best armor availsble.” Four pilcts
and 6 crewien checked "b. Body armor protection is desirable even though
it is heavy, gets in the way and makes it hard to do your Jjob." (me
pilot checked both ansver “"a.and answer "b. Only two pilots and two crew-
men checked "c. The advantages and dissdvantages of wearing body armor
ars about equal”.

Body Areas Requiring Protection

Angwers to Item 29 of the same Questionnsire, "What body areas do
you vant protected most?" differed somewhat between the pilots and crew-
men. Table IV gives the rank orders for the two groups.

Table IV: Body areas requiring protection

Rani Pilots Crevmen
1 (Most important) Head & Neck Chest
2 fhest Groin (crotch)
3 Abdomen (belly) Hesd & neck#*
L Groin (crotch) Avdomen (belly)*
5 Upper legs Upper legs
6 (Ieast important) lower legs 1ovar legs

¥Tled for ranks 3 and 4

Altbkough the responses to the o titudinal items of Study 1 are of
intrinsic interest, primarily they were intended to provide a basaline
from which changes in attitudes resulting from using the latest protec-
tive items could bhe measured in Study IV. TFor this reason no additional
conclusions will be stated at this time, Study IV will compare attitudes
before and after use of the new protective items, and the comparisons wili
be followed by additional discussion and conclusions.

IS L0 L L,




TR CRATCE TS e

s O e 23 45

N A —

STUDY I1: EVAIUATION OF TORSO PROTECWIVE ARMOR

Description of ITtems

The Torso Front Protective Armor (TFPA) consistsd of a vest-like
fabric carrisr and a plate of armor which was contoured to the surface
of the torso (shown in Figure 2). The plate extended vertically from
tne base of the throat to the waistline and horizontally across the
front and sides of “the abdomen and across the chest from armpit to
armpit. The side-openiag carrier of cotton poplin consisted of & back
panel, two shoulder straps and a front pocket to contain tue armor.
The carrier was closed erocund the tody by means of twe slasticized
waist straps with nylon hook-and-pile closures. The weight of the armor
wus supported by two shoulder pads integral with the shoulder strsps.
One of the shoulder straps was equipped with a gquick-relesze, snap-
fastening system.

The Torso Back Protective Armor (TBPA) consisted of a contoured
back plate in a cotton poplin cover (shown in Figure 3). The TBPA
cculd not be used without the front protective armor as the TBPA
fi2ted in a short pocket attached to the back panel of the TFPA.%*

Cencept of Use

The torso protective armor was designed to protect the front of
the torso for both pilots and crewmen, with the capability of
providing optional protection to thue back of the torso for thoze crew-
men requiring it. Pllots and copilots sitting in fully armored ssats
(seat pan, back and rear sides) neeled only front vrotection, but
crawchiefs and door gunners sitting iu unarmored jump seats required
both front and back protection.

#The full nomenclature for the TFPA is Armor, Body, Adrcrew, Small
Arms Protective, Front, with Carrier, FSN 8470-NTK-6501, 2 & 3
(Short, Regular & Iongs. The combination of TFPA and TBPA 18 termed
Armor, Body, Aircrew, Small Axrms Frotective, Front and Back, with
Carrier, FSN 84T0-NTK-6571, 2 & 3 (Short, Reguler & Iong). The
carrisrs were fabricated in accordance with Military Specification,
MIL-C~43544GL, Carrier, Body Armor, Aircrewmen, Small Arms Protective.
The armor plates were fabricated in accordance with Iimited Procure-
ment Purchase Description, IP/P DES 48-65 with cited drawing numbers
8-2-217, Atircrew Curved Torso Armor, Front and 8-2-218, Aircrew
Curved Torso Armor, Bsck.

10
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Experimental Aircrew Torso Front Protective Armor, (TFPA)
Consisting of Armor Plate Inserted in Fabric Carrier.
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ARMOR AIRCREWMEN
SMALL ARMS PROT
. FRONT—BACK
% WITH CARRIER
_FSN 8470 NTK6&571

'-,

Pig. 3.

Torso Back Protective Armor
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Although the torzo protective armor vas intended to be carefully doaned
and doffed outeid» the aircraft, a quick release shouller strep cllowed its
repid removal within the aircraft, if necessary. Maximum protecticn and
ninimum interferenca to bending, sitting or stooping required that the front

‘and tack armored components be worn as high on the torso as possibls. A

ocontinuous sglf-locking, pull-tyre vartical adjustment on the TFPA and
snap-type increzental adjustments on the TBPA provided this cspability.
Progreesive derormation of the shouldsr pads was observed just prior toc the
evaluation., This deformation caused the smmored components to be
poritionad much lower than originally intended, even when adjusted as high
@8 possible., The evaluation was conducted as scheduled with this deficiency
unremsdied. Interpretation of the obvtained results requires coasideration
of the effects of this malpositioning of the armored components.

Sizing

Both the TFPA and TEPA were provided in three lengths for tall, medium
height snd short men. The horizontal dimensions were sized to accomodate
the narrow-chested andl large-waisted men in each height category. This was
done to provide & minizum of restriction to sxm and shoulder movements of
nerrow chested men (at the expense of some protection) and & maximum of
protection to the abdominel region of large waisted men (at the price of
some weight and bulk). Table V shows the body size ranges of the intended
wearsy sud the principal dimensions for each size of TFPA and TBPA. A
given individual would normally (but not necessarily) wesr the same size
TBPA as [FPA.

Jithing

Unforeseen bsggage handling difficulties required that only two TFPA
and one TEPA of each size could be transported to most installations for
evaluation. As each helicopter normally carried a crew of four (pilot, co-
vilot, crew chief and door gununer), at times several crew members reguired
tLe same size torso armor. Some crew members were permitted to evaluvste
armor that was one size too large or too esmall, in order to ovtain maxiour
utilization of the helicopter ~rews. Table VI shows that 16 of the 20
pillots were properly fitted while four wazre not: +two tall msn and one shoit:
man wore size Regular armor while one medium man wore size Short. Seven of
the 15 crewmen were properly fitted while eight were not: four tall men
and one short man wore size Regular arwor, two medium men wore size Short
and one wedium man wore size Iong. Fewer pilots thas crewmen werse
improperly fitted; pilots were fitted first beacause of the critical ueed
for control of the alrcraft.
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Number of man evaluating «ach size of torso armor vwho
were properly sand improperly izlad.

Table VI:

Pilots Creawuan
(Front Only) (¥ront and Beck) —

Properly Improperly Properly Improperly
8ize of Armor Fitted Fitted Fittad Fitted
Long T C 0 1l
Regular 8 4 6 |
gbuowz:-t—— S S———— ————— -—:—-;——- n-g-—
Total 16 4 7 &
hesnlty

Restrictlon to Movement,

Properly fitted crew members. No major restrietions and only three
minor restrictions wers reported vy pilluts and crewssn properly fitted with
torso axmor. One pilut covid not reach from the right hend seat to the
canter console with his right arm withcut learing to tue juft. Another
pilot rubbed his right elbov againat che lower paxt o2 the TFPA whbile muking
extremne body movements prior to texe~off. Ome crevman had 3ome &ifficulty
in bending to the sides.

Ivproperly fitted crew members. None of the four pilots who were mis~
fitted reported either major or winor restricticn and three Cf the seven
creviian who were nisfitted reported restrictisn. One crewman reported
interference with controlling his machine gun on the right side of the elr-
craft, while another reported being unable to bend far encugh a¥ the walrt
to perform his duties. Both of these restrictions were considered major.
The minor rastriction was to a crewman who could not wove cargo essliy
because of interference with his arm movements.

Adegquacy of Dimensions,

Pilots. As is shown in Tadle VII the 16 properly fitted pilots con-
sidered the dimensions of the TFPA to be generslly adequate or too small,
an was the intent of the design. The lack of complaint concerning
curvature of the armor indicates that it was & reasonable compromise for
the diverse body sizes encountered. The one complaint of "too long" for
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the length of the size long TFPA and two complaints of too wide for weist
width indicate a poessible need to reduce these dimensions slightly prior tr
large~acale testing. The four improperly fitted pilots unanimously rated
the length, chest width, wulst width and curvature as "about right". The
average estimate from all pilots of the length of time the TFPA could be
woyn continuously was 4.6 hours (S.D. = 1.8 hours), which appears entir iy
adzqueate.

Crewmen. As shown in Table VIIT the properly fitted crewmen rated
the front waist width ard chest curvsture of the TFPA and the shoulder
width of the TBPA as "sbout right". Three crewmen did not rate the TFPA.
The couplaints concerning the length and chest width of the TFPA and
length, back waist width and back curvature of the TBPA indicete the pos-
sible need to slter these dimensions. The eight misfitted crewmen reported
in e similar pattern: the eix misfittecd with armor too short for them
reported length, front waist width and chest curvature of the TFPA and
length, shoulder width and back curvaturz of the TEPA to be "ell right".
The TFPA chest width received ono complaint of "too narrow" and one of
"too wide" and the TBPA back waist width received one complaint of "too
narrow". The two crewmen misfitted with armor too long for them did not
rate the TFPA, one rated the back length of the size Iong TBPA as "tco
long" and one rated the shoulder width of the size Regular TBPA as "tco
narrow". The average estimate from all 15 crewmen of the length of time
the TFPA and TBPA could be worn continuously was 3.3 houre (S.D. = 1.9
hours), which, although lecs than the pilots' estimate, appears sdeguete.

Speed and Ease of Donning and Doffing Torso Protective Armor.

Eighteen of 20 pilcts and all 15 crewmen reported that the torso armor
could be put on "moderately fast" or "very fast", with 19 of the pilots and
13 of the crewmen reportirg this "easy" or "very easy" to do. Ease and
speed of donning the armor apprears adeguate. Additional familiarity with
the itewme and practice in their use can be expected to reduce the number
and degree of difficulties. Speed of doffing was not rated becauwse of tha
rapid action of the ‘uick-release mechanism, but ease of doffing was. Only
two pilots and one crewman reported even moderate difficulty in taking off
this armor.

Commors.:

Pilots. Tha four comments in Teble IX concerning improvement of the
quick-release feature indicate its relative importance and pilote dissatis-
faction with the present design. The three requests for increased protec-
tion and three for reduced restriction and weight indicate that about as
many pllots felt they were overburdened as felt they were under-protected.
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When interpreted in the lizht of the generally satisfactory performance and
fit data, these conflicting comments indicate that the TFPA design approached
the fine line between overvurdening the pilot with too much protection and
providing him with insufficient armor coverage.

*

cremen. rour of the six comrpents from cyewmen in Table XX concerned
providing incroased protection at tie waist. If this should be accomplished
by enlarging both the front and back armorsd comnunents, the pilots would
not be able o wear the sanz TFPA ucit «s the crewmen. As pilots indicated

MRS IRRIG e
02 b v A MY 8 e tin Wt S ', AL et e
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é
: E a 7o88ible need for refucirg the vuiat couversgs, the only feasible mesns for
g; incressing the side coversge for %n2 crewmen appesrs to be widening the dack
3 arror at the wvaist sud providirg more wrap-eround at the sides.
|
-k Teble IX: Content of all comments and suggestious pertaining to the
g torso protective units,
o
: g Corment/suggestion Frequenc
: S&L a. Pilots (torso front only): .
‘ g L. Unit requires quick-release snaps on both shoulders. 2
= : 2. Torso armor should be flexible. 2
: § 3. Unit requires greater coverage at cides. 2 '._f‘
i ? . Unit roquires a single motfon quick-reicase. 2
5 E S. Unit is vexry good at present. 2 §
. E 6. Armor shculd be more adjustable. 1 ?é
) g 7. Armor should be lighter in weight. J, . ;
: % 8. Armor should have a better pouch for survival kits. 1 r %
: 4 9. Shoulder snaps are dificult to fasten while wascing srmor. 1l é
10. More body coverass is required. 1 :
! 11. Corners of waist sticr st tou far. 1l :
% b. Crewvmen {torsc front and back): E
i | . 1. Unit requires greater coverage at sides. 3 %
% | 2. Unit is very good at present. .2 % g :
3 3. lower back sbould be widened. 1 %
19 i”
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Best-liked Features.

Pilots. Table X shows that these were the relatively light weight of
the TFPA, its comfort features and the amount of mobility and protection
afforded. In addition, the comments ou the comfort of the chest curvature,
whan taken together with the unanimously satisfactory ratings for this
charscteristic, indicated that this chest curvature should be preserved in

oll future designs of torso armor wnless valid indications to the contrary
are received.

Crewmen. Table X shows thst the features of the TFPA and TBPA best-
liksd by crewmen paralleled those of the pilots with regard to fit and com-
fort characteristics. One crewman ccmmented favorable on the weight dis-
tributien. The two surprising remarks concerning the "light weight" of the
TFPA and TRPA combined were interpreted as meaning the "relatively light
weight for the protection afforded". This interpretation appears to be a
more realistic appraisal of a system which weighed 25 pounds in size Short
and 35 pounds in size long.

Conclusions Concerning Torso Protective Armor

1. Of 16 pilots and 7 crewmen who were properly fitted, no subjlect
experienced major restriction while only two pilots snd one crewman
experienced minor restriction to body movement. These restrictions did
not interfere with successful performance of their duties.

2. Three of the 7 misfitted crewmen (but none of four misfitted
pilots) »eporied restriction, two of them being unable to properly perform
certain duties.

3. The TFPA was generally acceptable to pilots in its present con-
figuration. It was rated as fitting well and having a moderate degree of

comfort for its weight and bulk. The length, chest width, and curvature
of the TFPA appeared sdequate.

4. The quick-release feature of the TFPA is importsnt to pilots, and
some would like the feature to be even faster.

5. The TFPA was acceptable to crewmen, whose comments showed it to
be generally well-fitting, properly curved, and comfortable.

6. In its present configuration, the TBPA appears to be only margin-
ally acceptable to crewmen. Changes in its shape are needed.

20
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Table X: Summary of best-liked torso protective urit features.

Feature

1.

3.
.,
5.
6.
7.
8.

a. Pilots (torso front only)
The iight weight of the unit.
Tpe comfortable chest curvature.
The general freedom of movement.
The arm cut-outs allowing free srm movement.
The generally comfortable fit.
The .30 caliber AP protection.
The unit is cooler than the flak vest.
Ease of donning and doffing.
The quick.release features.
b. Crewmen (torso front and back)
The general freedom of movement.
The generally comfortable fit.
The generally comfortable curvature.
The unit is comforteble (unspecified).
The light weight of the unit.
The protection offered.
The good weight distribution.
Eage of donning and doffing.
The complete back coverage.
The shape of front allowing free arm movement.

The unit is cooler than the flak vest.
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Recommendations

Torso Front Protective Armor,

1. The carrier portion of the TFPA should be redesigned with firmer
shoulder padding and increased adjustment to position the srmored plate
higher on the body.

2. The width of the armored portion at walst level should be reduced
one-half inch in sfzes Regular and long.

3. The present chest width, length and curvature should be preserved
in future designs.

L. The quick-release feature should be improved to provide easier
and faster operation and complete separation of the front and back portions
by means of s single hody action.,

Torso Back Protective Armor,

1:; The ovack curvature of the TBPA should be increasad for size
Regular and reduced for size Short.

2. TFor all sizes, the back width at the waist should be increased
one-half inch and the side portions extended as far forward as the TFPA,
to increase protection for the sides of the torso.

3. The present length and shoulder width should be preserved in
future designs.

4, The armored panel should be suspended higher on the shoulder
straps to prevent interference with the body in the lower back area.

STUDY ITI: EVALUATION OF SEAT/GROIN PROTECTIVE UNIT

Description of Item and Concept of Use

As evaluated, the seat/groin protective unit consisted of a 16% by 12
inch flat ceramic/glass reinforced plastic composite armored plate, approxi~
mately elliptical in shape. A seven inch armored projection extended upward
from the center of one of the longer edges to serve as a groin protector.
The seat porticn of the unit was cushioned by a one-half inch thick pad of
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semirigid elaatic fosm bonded =@ Lhe %op surface. The entire unit weighed
13 pounds and was covered with a sinzle layer of voven ballistic nylon
fabric, (MIL~C-12369 - Cloth, Nylon, Ballioiic for Armor). The seat/groin
protector vas rested on 4op ¢f The troop ueat ir the cargo compartment where
the crew chief or gunner normally wsiis, theraby providing the occupant with
. armor protection for his butiocks snd trotebh region {See Figure U). j

AL

Crewvmen Who Used the Protective Thit.

Four crew chiefs and eight dcor gunners s ranging in age, height, weight, :
ard chest circumference ss shown in Table XI, used the seat,groin prokective
unit for approximately one-half hour on g live Fire miasion agains: sctual
or simulsted targets. All crewmen wore a subsample of those who evaluated
! the Torso Protective Armor and were wearing TFPA and TBPA-Quring the seat/groin
; unit evaluation.

o S U LA K " b, e ld'23 oMb

i Teble XI: Sumnary statistics for age and body dimensions of crevmer .
: who svaluated the seat/groin protective unit.

f : Dimension Rsnge Mean S.D. N
| Age (years) 19-49 £9.k G.2 12
Weight (pounds) 130-150 165.3 18.0 12
' Eeight (inches) 8572 69.0 2.3 12
L Chest circumforence (inches) 4-ho 37.k 1.8 3 3
;
' Results 3
4 Restriction to Movement. ; ) 3}
‘ ] Two crew chiefs and two door guuners of the twelve crewmen evaiusting the i, :;
! item reported that they hed sufferei mejor restriction to body movement while ‘

' attempting to fire at targets. The principal restriction wes to the crewman's
- ability to track his target by pivoting in his sess. As the seat/groin unit
wvag rested on top of the existing troop seat, frictionsl forces prevented the
unit from "following along" as the crewman attempted to pivot. The groin pro-
tector added to the restriction and caused discomfort by providing & barrier
to leg movement which chafed the inner surfaces of the thighs. Inspsction of
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Seat/Groin Protective Unit

Fig. L.
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the body eize ranges showed no meaningful differences between those crewmen
vho were restricted and those who were not. The reason for the lack of
restriction of some crewmen could not be determined. I+ was suspected that
those crewmen who were not restricited were able to successfully compensats
for the seut unit's lack of movement by increasing their upper body rotation.

Adequacy of Seat/Groin Unit Dimensions.

Most of the crevmen rated esch dimension of the unit as "about right";
all 12 so rated the curvature of the crotch protector. One crewmen rated
snat width as "too small”, another crewman so rated seat depth and a third
crewvmen rated both these dimens’ons as "too small". Only one of the four
crewnen suffering restriction to mcvement indicated dissatisfaction with
any of the seat unit dimensions; he rated the height ¢f the crotch protector
as "too small'.

Estimates of Iength of Time Seat/Groin Unit Could he Used,

Of the 11 subjects responding, six indicated no limit, four indidated
two hours or more and one indicated no more than one-half hour. The unit in
1ts preseut form appears i1o be usable by most crewmen for at least a two hour
period betweepn refueling stops. Improvemeats in swiveling action would prob-
ably increase the length of time it could be used.

Commenss.

Five comments were received to the effect that the sitting surface re-
quized more padding and four suggestions were made that the unit should
attach to or swivel with the crewman. In addition, there were two comments
that the eroteh protector be padded and one that it be hinged.

Best-liked Features.

Five crewmen mentioned both seat and crotch protection, three indicated
only crotch protection, one liked the height of the crotch protector and three
did not respond. The individual who liked the height of the crotch protector
suggested that it be used as a rest for the machine-gun butt.

Conclusions Concerning the Seat/Groin Protective Unit

1. The unit is useful and acceptable in its present configuration, but
could be improved significantly.

2. From the lack of comment to the contrary, the seat/groin unit appeared

to be compatible with the following tasks: wearing upper body protective armor,
loeding, unloading ard firing the machine gun, attaching and releaeing the crew-

man's safgty restraint, and performing routine in-flight tasks not associated
with weapon operation.
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3. The small number of critical comments strongly suggests a lack of
severe problems, More extensive evaluation in terms of flight time or sample
size might have revealed additional difficulties, however.

Recommendations for Improving the Seat/Groin Protective Unit

1. Provide %ne unit with a swiveling action to better permit the crew-
man to track targets.

2, Increase tlie side-to-side width and the front-to-rear depth of the

sitting surface to insure adequate accommodation of the largest percentil~
crewman deemed feasible.

3. Provide the sitting surface with at least one inch (but no more than
threa inches) nf firm but comfortable cushioning to reduce discomfort and
fatigue due to the lack of adequate blood circulation #n the buttocks.

L, Provide the edges of the crotch protector with comfortable paddiag.

5, Provide a hinged Joint between the crotch protector and the sitting

purface to eliminate a possible safety hazard and increase ease of entry into
and exit from the aircraft.

6. 7Investigate tha need for modifying the outline of the crotch protector

to conform adequately to the shape ¢f the thigh. The present study indicated
that such modification may be required.

7. Apply the curvature, height and width of the present crotch protector
to future designs, as these dimensions seem to be adequate.

STUDY IV: ASSESSMENT OF POST-TEST ATTITUDES TOWARD AIRCREW ARMOR PROTECYTION

Procedure

After completing the Background Informatior and Individual Item Question-
naireas and bafore cnmpleting the Final Quastionnair>, each pilot used the TFPA
and each crewman ussd both the TFPA and TBPA in a UH-1 B or D model helicopter
for approximetely one-half hour on & live fira mission against actual or simu-
lated targeis. TFinal Questionnaire resulis were compared with Background
Inforuation Queatiocanaire results from Study I in order to determine changes
in sttitudes resulting from use of the armor,
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- Results

o Post-test Acceptability of Arwor for Combat Flights.

. In gpite of the additional experience galned by evalueting the teasted
prototypes and a slight difference in wording, the results of Item 1 of the
Final Querctionnaire were essentially the same as those for Iteam 28 of the
Backzround Information Questionnaire. The only meaningful difference was
that after using the armor, two gunners checked "d. The interference with

orcrating sfficiency outweighs the vaiue of the protection furnished by
body armor”.

5 vy Ay

Axmor Componerts Desired for Flight Missions.

R P,

Twenty pilots and 15 crewmen completed Item 2 of the Final Question- ;
naire. The instructions were: "Thz types of flight wmizsicns are iisted 3
. at the left and the four armor components are listed in the columns at the
¢ right. Opposite each type of flight mission check each of the armor

components you would like to wear on that type of mission". Table XII
summarizes the results. The pilots desired torso front protective armor
for nearly all flights, and seat pretective armor about o4 of the time.
Only 17% of pilots wanted to use the TBPA and only 6% desirsd to use the
lag Protective Armor. Although a somevhat smaller proportion of gunners
. and crew chiefs than pilots desired to use TFPA, a much larger proportion M
- ! 1 of them wished to use Seat Protective, Torro Back, and leg Protective
i Armor. The totals and ranks at the right of Teble XII indicate the

4 relative desire for armor protection on the ten kinds of missions which ;
are listed. )
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tilization and Tssue of Armor.

Items 3-7 of the Final Questionnalire furnished supplemental informa-
tion coacerning when and how the armmor should be used:

1. The results of Item 3 indicate that 25 of the 35 pilots and 4
gunners (80%) wculd put on chest or chest and back tgrso protective aramor
on the ground before entering the aircraft, five (14%) would put on the
armor in the aircraft befure Lake-off and two gunners (6) would put it
on in flignt prior to expected enemy contact.

IPUPRISTETY § 04 TOBPRIDE X WE) AP IR S

2. Item 4 indicates that 9 of 3% (26%) would don the leg ermor on
the ground before entering the aireraft, (29%) would put it on in the
aircraft before take-off, (6%) just efter take-off, (9%) in flight prior

to expected enamy contact, and (29%) (mostly pilots) answered "f. I will
never wear leg armor on ausy mission”. '
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3. Iten 5 indicates that 26 of 35 pilots and crewmen (Th%) would
never or hardly ever wear TFPA or TBPA when performing ground duties, {17%)
would wear it most of the time and {9%) would wear it about a gquarter of
the tine.

4. Ytem 6 indicates that when nct wearing the armor, (49%) would
gtow 1t in the aircraft, (26%) in the ready room, {174) in the billets,
and (9%) in some otlrer location.

5. Results for Item 7 indicate that 13 of 35 {37%) think the armor
should be issued as "d. Aircraft on board equipment {1ike the fire
extinguishers), 34% favor "a. Individual issue {like your flight helmet),
26% fa-or "b. Company issue (like your individual weapon)” and 3% favored
"e. TA-21 issue through RSO {like your field pack)".

Conclusions Regarding Post-test Attitudes

1. The results qof Itzms 1 and 2 of ‘the Final Questionnaire, when
taken together, JTorm a strong endorsement of the need for terso protective
armor by the pilots and crewmen who used it.

2. Results 0f Item 1 of the Final Questionnaire agree with the pre-
test responses to Item 28 of the Background Information Questionnaire.
This indicates that attitudes toward the need for armor were only slightly
affected by this experience with armor.

3. Pilots want TFPA for nearly all types of combat flight missions.

4., Of 15 crewmen, 87% want TFPA and 73% also want Torso Back and
Seet/Groin Pretective Armor.

GENERAI. CONCTUSIONS

1. Armor used prior to this test was not favoerably rzgarded. The median
rating which the participating pilots and crewmen awarded the armor that
wa3 in use in RVN at the beginning of the study was only "It is fair”.

2. In contrast, the results of Item 28 of the Background Information
Questionneire and Items 1 and 2 of the Final Questionnaire indicated that
crevw members who used body armor in this test hed a strong desire to wear
it on a wide variety of combat flight missions.
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